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The Chairman of the House Special Sub- 
committee on NATO Standardization, Inter- 
operability and Readiness asked GAO to 
review the Department of Defense’s decision 
to produce the Roland missile system and 
related questions. 

The decision to begin producing Roland was 
based on the assumption that the system has 
sufficiently demonstrated its ability to per- 
form its short-range air defense mission. 
However, in testing to date it falls short of 
meeting several important requirements. 

Further testing of Roland may show the 
superiority that the Army claims for it over 
other systems. At this point this is not read- 
ily discernible. 
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WASHINGTON. D.C. 20542 

To the President of the Senate and the 
Speaker of the House of Representatives 

This report presents our evaluation of the Department of 
Defense's decision to begin limited production of the Roland 
missile and includes information on the current status of the 
program. Agency officials associated with the program re- 
viewed a draft of this report, and their comments are incor- 
porated as appropriate. 

We believe this report will be useful to the Congress 
in making future decisions regarding the Roland missile 
program. 

We are sending copies of this report to the Director, 
Office of Management and Budget, and to the Secretary of 
Defense. 
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COMPTROLLER GENERAL'S 
REPORT TO THE CONGRESS 

EVALUATION OF THE DECISION 
TO BEGIN PRODUCTION OF THE 
ROLAND MISSILE SYSTEM 

DIGEST ------ 

In June 1979, following a 4-l/2 year period 
to fabricate and test, the Secretary of De- 
fense approved limited production of the 
Roland missile system. 

From discussions between GAO and some of the 
principals, it is apparent that this deci- 
sion was reached only after extensive de- 
liberations in the Offices of the Secretary 
of Defense and the Secretary of the Army. 

The decision was consistent with recommenda- 
tions by senior Army and Defense officials, 
who rejected the findings in recent Army 
studies, that other systems were more cost 
effective and preferable for the air defense 
role. 

Roland is a European-developed missile sys- 
tem for defending critical corps and rear- 
area targets in clear or adverse weather 
against low-flying aircraft. The system is 
estimated to cost over $2.4 billion. 

However, Roland has experienced serious 
technical difficulties in testing. The pro- 
gram's estimated cost has almost doubled 
since it was selected for acquisition in 
1975. (See pp. 6-7.) 

Possible alternatives to Roland are improved 
versions of the existing Hawk and Chaparral 
systems. Each would require modifications 
that are within the state-of-the-art develop- 
ment and testing. The modified systems would 
require development and testing and for this ' 
reason their availability to the Army is un- 
certain. Project representatives for the two 
systems, however, estimate their availability 
at approximately the same time as Roland's. 
(See pp. lo-11 and 15.) 

The decision to proceed with Roland was based 
on an assumption that the system had met most 
of its operational capability requirements. 
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In fact, its test performance has been un- 
convincing in several important respects. 
Modifications to overcome its deficiencies 
are being designed but remain to be ade- 
quately tested. 

Some key components have still to demon- 
strate their reliability. The system has 
shown a low probability of performing 
a 72-hour mission without major maintenance. 
This contrasts with a specified go-percent 
probability requirement. (See pp. 4-5.) 

Modifications will also have to be devised 
to improve Roland's vulnerability to pro- 
jected countermeasures and to correct other 
problems. Because testing performed so far 
has not been rigorous enough to assess its 
expected threat capability and testing in 
adverse weather has been limited, the de- 
cision to begin production appears premature. 
(See p. 20.) 

Further testing of Roland may show the su- 
periority over other candidates that the 
Army claims for it. At this point this is 
not readily discernible. 

AGENCY COMMENTS 

The Department of Defense generally disagreed 
with GAO's evaluation. It asserted that 
Roland's ability is about at the point it was 
expected to be at this stage of its develop- 
ment. It is confident that modifications in 
development or under study will correct the 
problems Roland has experienced in testing. 
Defense officials believe there are sufficient 
technical uncertainties and other shortcomings 
attached to the alternative air defense system 
candidates to raise doubts about their becoming 
available as quickly as Roland can be fielded. 
(See pp. 17-19.) 

, 

It is difficult to support or fault the 
Department of Defense's decision to begin 
production because to a great extent it was 
based on judgment. Such matters as the 
proper confidence level in Roland's ability 
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to overcome its technical problems, its 
prospects for achieving the desired reli- 
ability, and its capability to meet certain 
threats, are all arguable. 
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CHAPTER 1 

INTRODUCTION 

Roland is a European-developed missile system being 
acquired by the U,S. Army to strengthen its defenses against 
low-flying aircraft. The system is required to be capable 
of defending critical corps and rear-area targets in clear 
or adverse weather. 

The Army established the requirement for such a system 
in 1973 and selected Roland after evaluating several alter- 
native systems. In January 1975, Army contractors began 
transferring the European technology and fabricating a U.S, 
version of the system. 

Testing of the U.S. version began in early 1978. At 
the same time, the Army was making several studies to deter- 
mine how best to meet its air defense requirements. There 
were three studies, including a cost and operational effec- 
tiveness analysis (COEA) of Roland and other alternative 
air defense systems. While not complete, the conclusions 
definitely pointed to Roland not being the preferred system. 
The study results were furnished to senior Defense officials 
for their consideration. In June 1979, the Secretary of De- 
fense approved the limited production of Roland. 

REVIEW OBJECTIVES AND SCOPE 

In a letter dated May 25, 1979, the Chairman of the 
Special Subcommittee on the North Atlantic Treaty Organiza- 
tion (NATO) Standardization, Interoperability, and Readiness, 
House Armed Services Committee, asked that wz review the 
Roland production decision and other issues. The issues were 
(1) the system's performance deficiencies and readiness for 
production, (2) the increase in the Roland cost estimates 
since its selection, (3) the cost and availability of Roland 
compared to its alternatives, (4) the reasons for and pro- 
priety of Roland's increased engineering services costs (5) 
the validity of the recommendations by both the Army Systems 
Acquisition Review Council (ASARC) and the Defense Systems 
Acquisition Review Council (DSARC) to begin producing Roland 
in light of the data available to the decisionmakers, and 
(6) the technical issues raised in support of the decision 
by the Under Secretary of the Army in correspondence with 
the Congress. 

We reviewed records and interviewed officials of the 
Army Missile Research and Development and Materiel Readiness 
Commands, Redstone Arsenals Alabama: the Army Air Defense 
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School, Fort Bliss, Texas; and the White Sands Missile Range, 
White Sands, New Mexico. We also examined records and dis- 
cussed certain aspects of our review with officials at Head- 
quarters, Department of the Army and the Office of the Sec- 
retary of Defense. 



CHAPTER 2 

EVALUATION OF THE 

ROLAND PRODUCTION DECISION 

From our discussions with some of the principals, it 
is apparent that the decision to produce Roland was reached 
only after extensive deliberations in the Offices of both 
the Secretary of Defense and the Secretary of the Army. 

The test results and the conclusions of the Army air 
defense studies were unfavorable to Roland. The system 
had experienced serious technical difficulties during the 
tests. Estimated program costs had almost doubled since 
its selection in 1975, and other possible alternatives were 
judged more cost effective. 

There was great reluctance on the part of some ASARC 
members to recommend canceling Roland (one of the options 
considered), in spite of the Army Air Defense School's con- 
clusion which showed a preference for other candidate 
systems --derivatives of the Hawk and Chapparal. The Air 
Defense School's preliminary report on its cost and opera- 
tional effectiveness analysis concluded that Roland was less 
cost effective than either alternative. This conclusion was 
confirmed in a subsequent study made at the direction of the 
Under Secretary of the Army just prior to ASARC. 

Some of the major considerations going into ASARC's de- 
cision to recommend production were: 

--Representations by the,Army's Materiel Development 
and Readiness Command that Roland had met most of 
its required operational capability and was ready 
for production. 

--Reservations about the availability, technical risk, 
and cost of alternative systems, shown in the Army's 
COEA to promise greater cost effectiveness than Ro- 
land, but considered by senior Army officials to be 
Wconceptual," and therefore, in need of considerable 
further development. 

--Support for Roland voiced by the U.S. Army Command 
in Europe. 

--A desire to sustain the interest of some European 
members of the NATO alliance to coproduce the Patriot 
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air defense system. The Army believes this is neces- 
sary to protect the flanks of U.S. forces deployed 
in Europe and to provide an integrated air defense 
system for NATO. 

DSARC's recommendation to begin limited production was 
based on 

--the belief that, of the candidates considered, Roland 
would best meet the requirement for an all-weather, 
mobile system and 

-c 9 --the representation that the system substantially 
met the required operational capability. 

It is apparent that the effect of the decision on U.S. 
initiatives to achieve greater military cooperation with its 
NATO partners weighed importantly in the recommendations of 
both ASARC and DSARC. The Under Secretary of Defense for 
Research and Engineering who chaired DSARC assured us, how- 
ever, that Roland would not have gotten the approval if the 
members had not been convinced the system would be an effec- 
tive addition to the U.S. inventory of weapons. According 
to the Under Secretary, the NATO issue was over and above 
the considerations that qualified the system for production. 

PERFORMANCE DEFICIENCIES 
AND READIIGESS FOR PRODUCTION 

Roland has serious deficiences which, so far, have pre- 
vented it from meeting some major requirements. Some of the 
more critical problems, such as its performance in a counter- 
measures environment, the warhead's lethality, and radar in- 
terference are classified and, therefore, cannot be included 
here. Other problems are described in the following para- 
graphs. 

Unreliable components 

Several critical system components proved to be unreli- 
able during the test program. Among others, these include 
components of the surveillance radar, track radar, power 
system, and environmental control unit. 

Recent test reports have confirmed the system's con- 
tinuing lack of dependability. For example, the Army's 
stated requirements envision that the system must ultimately 
achieve a go-percent probability of performing its mission 
for 72 consecutive hours without maintenance beyond the 
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capability of the battery. On the basis of its showing 
during the tests, an Army test agency calculated that Roland 
has demonstrated only a very small probability of performing 
its mission. (The Army maintains the probability is somewhat 
better when calculated on the basis of the actual hours of 
operation during any 72-hour period.) 

The lack of dependability is also reflected in the re- 
cent increase in the estimated initial spare parts needed 
to support Roland. The estimated costs increased from 
$29.8 million to $173 million. 

To overcome the problem, the Roland Project Manager 
has started an accelerated reliability improvement program 
for selected items considered to be the most troublesome. 
However, these items do not include all of the critical 
components considered by Army test officials to constitute 
major reliability problems. 

The items selected are being redesigned, and the re- 
lated testing is to be completed by December 1980 before 
award of the first full-scale production contract. The ade- 
quacy of these and other reliability improvement modifica- 
tions is also to be evaluated during confirmatory testing 
beginning in September 1981. 

Adverse weather problems 

Problems in operating in adverse weather continue for 
Roland. Reports published in 1978 on tracking tests held 
early that year confirm this. 

According to a Roland project representative, a modifi- 
cation that is expected to improve the system's performance 
in adverse weather will be tested in 1980 if approved for 
implementaton by the United States and Europeans. 

Cold weather problems 

During its cold weather tests, Roland also failed to 
function because of the environmental control unit's inade- 
quate design and the temperature sensitivity of some com- 
ponents. Space heaters had to be used to warm the fire unit 
to the proper operating temperature. 

The Army plans to solve this problem by increasing the 
capability of the heating system and is also considering 
using a blanket for the track radar. 



Maintenance burden 

Trying to keep Roland operational may impose a severe 
burden on the Army's maintenance system. The problem stems 
from the difficulty in identifying failed components. In 
most cases, maintenance has been performed by contractor 
technicians by replacing major components in succession 
until the faulty item is found. At times, the problem is 
aggravated by deficient test equipment indicating a fault 
in the system when the system is working properly. 

According to the chief engineer of the Roland Project 
Office, in an effort to solve the problems, the Europeans 
have been requested to redesign part of the maintenance 
equipment. The engineer also said that the Army may develop 
its own equipment. 

Lack of safety testing 

The Roland missile has not been subjected to safety 
qualification tests because it failed less stressful tests. 
Army test officials expressed particular concern over this 
matter because European missiles failed their safety tests 
at White Sands Missile Range. 

During those tests, seven of eight European missiles 
had cracked propellant grains, causing the warheads to 
leak their explosive. On being fired, a cracked grain is 
dangerous because the missile might explode on the launch 
rail. 

According to Roland project officials, they do not ex- 
pect the U.S. missile to have the same problems as the Euro- 
pean missile because of differences in design. The U.S. 
missile is to be subjected to safety qualification tests 
during the confirmatory test program which begins in 1981. 

Other problems 

There are other performance problems which we are 
omitting because they are classified. In addition to Ro- 
land's unconvincing performance in testing so far, other 
important aspects of Roland's performance remain to be 
tested. 

ROLAND'S COST ESTIMATES 
SINCE ITS SELECTION 

Since its selection in January 1975, Roland's program 
cost estimates have steadily increased from $1.3 billion to a 
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current $2.4 billion. The following chart shows a history 
of the increases. The costs are those shown in approved 
Army programs. 

Jan. Dec. Sept. Sept. June 
1975 1976 1977 1978 1979 

---------------(millions)------------------- 

Development $ 226.6 $ 265.0 $ 276.4 $ 276.4 $ 293.5 
Procurement 1,123.l 1,569.8 1,583.4 1,851.l 2,095.3 

Total $1,349.7 $1,834.8 $1,859.8 $2,127.5 $2,388.8 

All estimates prior to the latest were parametric esti- 
mates using as empirical data the costs experienced on U.S.- 
developed systems. These earlier estimates were grossly 
understated. Much of the cost increase resulted from fail- 
ure to appreciate at the outset the difficulties involved in 
transferring the European technology. Other reasons for the 
increase were attributed by the Army to inflation and in- 
creases in hardware costs, spare parts, and production fa- 
cilities and engineering services costs. 

The current estimate of $2.4 billion still appears low. 
It excludes the costs of an improvement program now being 
formulated to permit Roland to meet the projected 1987 
threat. 

Plans for the improvement program have not been final- 
ized. However, we identified estimated development costs 
of about $12 million associated with three of the improve- 
ments being considered. These relate to an automated track 
radar, a guard antenna for the search radar, and an improved 
communications system. According to Army officials, the de- 
velopment cost of a new warhead and other possible improve- 
ments had not been estimated. 

The procurement cost estimate of $2.1 billion does not 
consider an affordability issue which could result in 
stretching out the acquisition program and cause further 
increases such as the program has experienced in the past. 
For example, when the Army's fiscal year 1979 budget request 
for Roland was reduced by $35.1 million from $200.1 million 
to $165 million, the Army increased the total procurement 
estimate by $72 million to compensate for the resulting de- 
ferred procurement of some quantities to later in the pro- 
gram. 
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An estimate of $3.7 billion cited by the Defense Audit 
Service covers the cost of deploying Roland in Army divisions 
as well as in the rear area. Thus, it should not be compared 
to the preceding estimates which are for the rear area re- 
quirements only. The COEA's May 1978 estimate of the invest- 
ment cost is about $575 million lower than shown in the Sep- 
tember 1978 approved Army program. The COEA estimate (1) was 
made 4 months earlier, (2) correctly excluded sunk research 
and development costs up to the time it was prepared, and 
(3) is in constant fiscal year 1978 dollars, whereas, the 
program estimate includes an inflation factor for the balance 
of the program's duration. 

COST AND AVAILABILITY OF ROLAND 
AND ALTERNATIVE SYSTEMS 

The following chart shows the comparative investment 
cost estimates used for the COEA. 

Chaparral 
FLIR/POST 
(notes a 

Roland I2 Hawk and b) 

-----------(millions)---------- 

Research and development $ 29.0 $15.3 $ 24.1 
Procurement 1,523.3 81.0 190.9 

Total $1,552.3 $96.3 $215.0 -- 
a/Forward Looking Infrared Radar, 

b/Passive Optical Seeker Technique. 

On June 21, 1979, we obtained the following updated es- 
timates of the investment cost from the three project of- 
fices. 

Roland 
Chaparral 

I2 Hawk FLIK/POST 

----------(millions)----------- 

Research and development $ 18.3 $21.4 $ 39.4 
Procurement 11865.4 50.5 385.1 

Total $1,883.7 $71.9 $424.5 
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Hawk costs include the cost of design changes and devel- 
oping, testing, and producing modification kits. The cost is 
based on the assumption that enough Patriots will be available 
to replace the Hawks as they are converted. If not, there 
would be a need to buy additional Hawks. Chaparral costs 
include, in addition to the development of the FLIR and POST 
seeker, procuring 105 additional fire units and about 2,600 
new missiles. 

The COEA costs, in fiscal year 1978 constant dollars, 
are lower except in the case of I2 Hawk. We believe the 
earlier Hawk estimate may have been overstated, since it 
represented the cost of converting eight battalions of 
Hawks, including some not needed for the low-flying air 
defense mission. The June 1979 figures include only Hawks 
needed for that mission. 

The change in Roland's investment cost, in addition 
to the inflation factor, results from the elimination of 
sunk costs incurred since May 1978. 

Operation and support costs used in the COEA were: 

(Millions) 

Roland 
I2 Hawk 

$1,302.3 
1,552.7 

Chaparral 1,024.3 

Some of the data used in the studies can be questioned. 
Examples are: 

--The estimated operation and support costs for the 
I2 Hawk appear to have been understated by 20 to 
50 percent due to a calculation error. Roland would 
be more competitive with that alternative. L/ 

--Certain performance improvements being considered for 
Roland were not evaluated in the studies. .These, 
also, could have made Roland more competitive. 

&/The Army's study director advised us that after allowances 
for this error I2 Hawk was still more effective and less 
costly than Roland. 



--However, Roland was credited with having certain im- 
provements which increased its performance capability, 
but was not charged with the related cost of the im- 
provements. This factor would overstate Roland's 
relative cost effectiveness. 

--Chaparral's performance capability appears to have 
been significantly understated in the study because 
it did not fully take into account the target detec- 
tion capability of the FLIR device in adverse weather. 

Technical feasibility of alternatives 

The alternatives appear to be technically feasible. The 
I2 Hawk is based primarily on the acquisition of additional 
Hawk equipment already in production and requires only minor 
hardware changes to provide for control of an additional 
fire section. 

The technology for the Chaparral/FLIR is essentially 
the same as that developed for the TOW missile system, the 
M60A3 tank, and the advanced attack helicopter. The FLIR 
device enhances engagement capability at night and in cer- 
tain visibility degrading weather conditions, such as clouds 
or fog. Production deliveries of FLIR components, many of 
which can be used in Chaparral, are scheduled to begin under 
the TOW and M60A3 programs in late 1979. 

The POST seeker, a potential improvement to the Chap- 
arral, is being developed under the Stinger missile program. 
According to Stinger project representatives, the POST pro- 
gram is proceeding satisfactorily. Design evaluations show 
that the seeker can be readily incorporated in the Chaparral 
missile. 

The improved Chaparral is credited with achieving a 
higher probability of kill than Roland, under certain coun- 
termeasure conditions. 

Further upgrading Chaparral to an all-weather configur- 
ation is based on adding the British-made Blindfire radar, 
used with the British Rapier system. Using this radar with 
Chaparral was successfully demonstrated in a firing program 
completed in early 1978. However, the system demonstrated 
was not a tactically configured system and all firings 
were in clear weather. 

The deployment time frames for Roland and the alterna- 
tives based on Army project office estimates are about the 
same. 
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Achieving Roland's schedule assumes that the procure- 
ment program will be funded at higher levels than currently 
allocated. The schedule for I2 Hawk assumes that the pro- 
gram will begin in fiscal year 1981. Starting in fiscal 
year 1980 could accelerate the program by as much as 1 year. 

At this time, however, the I2 Hawk program is not ap- 
proved. The project manager's projection contemplates a 
3-year development program consisting primarily of testing. 

The Chaparral/FLIR deployment is based on starting the 
program in fiscal year 1980, integrating the POST seeker in 
fiscal year 1981. According to Chaparral project represen- 
tatives, the POST program could be accelerated if authoriza- 
tion were given to start the program in fiscal year 1980. 

The COEA is still in progress and final reports on the 
other air defense studies by the Air Defense School are not 
yet published. 

So far as the COEA is concerned, changes in costs and 
relative effectiveness were still being derived from continu- 
ing analysis up to the time we prepared this report. We are, 
therefore, unable to offer a final assessment of its valid- 
ity. We do not anticipate, however, that any further changes 
in the results involving either cost or effectiveness would 
be of sufficient magnitude to change Roland's relative rank- 
ing in the preliminary report, as compared to the other can- 
didates. 

The other air defense studies address various concepts 
for providing air defense. None of these favored using 
Roland to augment Patriot in defending critical assets in 
the rear area. 

If the conclusions of Roland's COEA and the other air 
defense studies stand up in the final report and the report 
gains acceptance, we believe the Army may have to reconsider 
Roland's role in the air defense mission. 

INCREASED ENGINEERING SERVICES COST 

This issue was not pursued in depth, due to the time 
constraints on this review. However, on the basis of a lim- 
ited examination, Roland's engineering services cost estimate 
has increased from $70.8 million to $398.6 million largely 
because effort traditionally funded by the research and de- 
velopment appropriation is being funded by the procurement 
appropriation. According to Army regulations, some of the 
services should have been funded by the research and devel- 
opment appropriation. 
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Because of the general wording of certain contract pro- 
visions in the engineering services contract, it was diffi- 
cult to determine specifically what the contractor is sup- 
posed to be doing. For example, the contract provides, in 
part, that the contractor will "perform Fire Unit engineer- 
ing studies and analyses as. requested * * **Is 

We, therefore, asked the Army contracting officer to 
describe more specifically what the contractor was required 
to do and the reason for the relatively high cost when com- 
pared to the engineering services cost on U.S.-developed 
systems. According to the contracting officer, the contrac- 
tor was accomplishing activities traditionally done during 
the development phase and funded by the research and devel- 
opment appropriation. The contracting officer cited the 
producibility engineering and planning. This is oriented 
toward development of manufacturing processes and, according 
to Army regulations, is supposed to be funded by the research 
and development appropriation. 

The contracting officer estimated that at least one-half 
of the $93.2 million applicable to engineering services in 
fiscal years 1978 and 1979 would have been funded by the re- 
search and development appropriation if the Roland program 
had been a traditional U.S. development program. 

Also cited were efforts to solve the system's reliabil- 
ity and other performance problems. We could not readily 
determine whether the contractor has been or is performing 
these activities. However, we discussed the matter with 
Roland project engineers, and they confirmed the contracting 
officer's explanation. They also told us that there was no 
documen$ation showing that the contractor was required to 
perform these specific activities. 

We asked the Roland project's legal representative to 
cite the authority for funding such activities with procure- 
ment appropriation funds. For the correction of performance 
problems, the representative cited an Army regulation, 
AR 70-15, governing product improvement programs. However, 
the regulation applies to items classified for production. 
At the time procurement funds were authorized, Roland had 
not been approved for production. 

With respect to producibility engineering and planning, 
the legal representative told us that Army regulations do 
not apply to the Roland program because the regulations 
apply only to the "materiel developer" which in Roland's 
case was the European consortium. 
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